The effects of radiation losses and atomic motion in a distributed feedback induced by Bragg reflections in an electron-beam-channeling x-ray laser are investigated. Standing-wave fields with nodes in the atomic sites are generated in this cavity-mirror structure in single crystals, thereby reducing the losses located close to the atomic sites. An explicit expression for the low-threshold gain is derived which depends on the absorption, temperature, and on the order of Bragg reflection. It is noted that diffraction from several sets of atomic planes which satisfy the Bragg condition simultaneously may further reduce the threshold gain. These distributed-feedback schemes have possible application in reducing beam high-current requirements by many orders of magnitude.
I. INTRODUCTION
A relativistic electron beam propagating through planar or axial channels in a crystal free of imperfections may populate bound transverse-energy eigenstates. ' Spontaneous dipolar transitions between these discrete eigenstates have been shown experimentally to yield narrow-width, highly polarized, and intense x-ray radiation which is strongly forward peaked. One of the important issues in the possibility of using the channeling mechanism as a coherent x-ray source depends on future progress in creating sufficient gain from induced emis- sion. this paper is related to the issue of identifying an efficient scheme for gain optimization in crystal channeling. Previous estimates suggest that in a one-passage amplification scheme even modest gains may require currents of the order of MA/cm for energies near 10
MeV. The aim should be to suggest a mechanism to reduce this high-current requirement by many others of magnitude, thereby bringing one aspect of the channeling x-ray laser closer to experimental reach. An efficient scheme to significantly reduce the gain requirements for a channeling x-ray laser was proposed based on the concept of a distributed-feedback (DFB) laser which is supplied by multiple Bragg reflections of the radiation.
This scheme was very useful for atomic emitters in the optical range and was extended later on to the x-ray range. The advantages in using DFB lasers include the intrinsic compactness and high degree of spectral selectivity available without the need for cavity mirrors. The channeling DFB concept is favorable due to the possibility of radiation tunability. By adjusting the electron-beam energy the Doppler up-shifted radiation can be tuned onto a line in the DFB-mode spectrum near the Bragg-reflection frequency. 
Equation (19) 
Equations (32) 
where
and the dispersion relation is where g is identified as a threshold gain and 6 as the selected frequency.
The coupled waves Eqs. (24) and (25) 
The threshold gain in Eq. (35) includes two independent terms; the first term is due to reflection, the second one is due to absorption. In a one-passage amplification system (with no refiections) the absorption is with the average absorption coefficient po which is large for x rays, po ) 10 cm '. " In the Bragg-reflection coupling system, standing waves are generated with nodes on the atomic sites and the absorption, located mainly near the atomic 
